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NRL PROJECT G2R05-1GB Technical !omo No, 221

aeport on Specia’ ideeting To Discuss Hondestructive Tests for
Filament touml Tlberglass Motor Cases et AGC - Sacremento on
24-25 January 1963

A special meeting or the Polaris/Minuteman/Pershing NDT Committce vas
held at AGC-S8acremanto on 24-25 Janumry 1963 to discuss techniques for inspece
tion of fiberglass chambers, Unfortunately, Polaris people tock part,
but there was an obsarver from 8.T.L. (Minuteman).

Barcld Bernstein, in his opening remarks for SPO, pointed cut that our
situation 1is much different now vith {iberglass as coopared to steel, With
stesl ve falt that we imev ouwr matorial, could specify maximm flav sise, amd
bod reliabls HDT and othar techniques for quality control, We could hydrotest
a steal oase severul times at design pressure and use XDT methods for deotec-
tion of damage d\c-iwy, ydrotest, On tho othar hand a fiberglass cese hns one
hydroteat and no ertablished, relinble NDT.

¥hile wve have bhad firing failures directly attributed to case damege
during hydrotest, the camplets elimination of hydrotest 18 not desired, for
ao X, Barnstoin so aptly said, "Virginity is no proof of virtue",

Ko need suyplomentary tests, We noed to incresse covarage (1007 coveruge
if poesible) a:d to roduce cost. (W~ can get 100% coveruge by x-ray, but at
great coet,

wWe then had froa J. A. Hendron of AGC sbout the status of the AGC A-3
olaris Mester Plan for NDE. Aocept-roject criteria are fairly firm with
the ex- ption of x-ray on the glass-wrep. AlC appears to use or contarmplate
uaing adbout ¢ ey NI technique known at this time, including ceandling far
voide in tha insulator, Otber techniques mentioned vere ultresonics, x-rey,
corona discherge, microwave, beta-back soatier, spark teet, suti-{lux and
moisture dstactor, Utresonic and x-reay techniques are conventional
mare about ultrasonics below. sp.rxunumodtoutocttm-ougn-ﬁolu
Corcna disch/:arge and microwvaves ocan detect voids in insultation and glass~
wreap, Beta-cay back soatter can be uned to measure resin content on the
finished cass, but only to a linited depth, Candling 1s also used cn the
coapleted chamber, Two suggestions vere made from the table of this time
to use a Barsscope or a telescope system called "Optro” (Spt) to keep
perscuml ou' of the chamber as much a8 possible, Stati-flux is used to
detect cracks and crasing on the completed chember, Percentage moisture.level
15 monitared vith an electrunic moisture detectar. This latter test is for
the purpose of gathering informetion on the effects of moisture on chamber
parformance as requosted by ERL and 8P0,



in connection with ultrosonics, the AUWI !Mpdification will be uced to

asutoamatically ingpect snd record ‘cbe cylindrical section for unbond ard
delamingtions.

. 8toale and A. Oreen of AGC spake on sanic analysis of hyd”otcst They
rmmdthattharcuammduplacmtortheﬁwmsattheedgeottbe
ntxzle port and this seems to occur at a [ressure of 700-945 psi. This is
believed to be indicative of & stress relief vhich lesads to lnuckle failure or
6 delamination wvhich leads to the so called flover bursts.

Accelerometars are better for listening then microphones because 1) they
have vider Mleci)ancO; 2) have less extranecus noise; 3) they are more

As part of the prograsm they mecsured sound velocity in Fidberglass. This
vas doos by tapping with a ball at & kmown distance from the eccelerometer and
recarding delay time oo a tape recorder running at 60 ips., Ry playing dack st

the and received signal could be separeted and the timo msecoured,
ecrd 190 X in/sec in the plane of the fibergless in the direction of
™is

., D, T. 0'Connar described experizents bdaing run at Magnaflux Carp.
on the usc of Corona 4ischerge, Bota~ray baeck scatter, and microwvave techniques
for inppecting motor cases. Beta back scattor hos limited ponstration, but
oould be used far resin content to the cxtent it panetrates. Anoachitdoea
not appear fensible fur motar case jnspection. Corons discharge is ifonixation
in a gaseous void in a s0lid caused by a strong electric field, This lonize-
tion nay be datected by the radiation it produces or by the pulse that ocowrs
in the high voltage treansformer. It can detect voids 1/16" in dimmeter in the
fibarglass-resin matrix, A digtinct separsation ofthe wallis of the void is
not necescary. MHicrowaves are used by setting w standing vaves and measuring
the effoct on them of different proper-ties of the materials in the field., A
vommnditrthcmm hence different wovelength from the
parent naterial, Changes in standing wave pettern are indicated oa suitable
detecting instruments, It was stated that, as compared to ultrasonics which
card detect only unbonds and dalsminations, licrmm can detect fareign
inclugionn and tiny bLubbles, mmemmmaMenncc-
tor on the othar side of ths motor cese wall, Scan tine for cylindrical sectiocn
for both microwave and oorona discharge wers estimated at & hours.



Mr. D, C. Exrdman describei his developments in the field of frequency-
wodudated pulsed wtrasonics, He pointed out thet the inhomogeneous nature

" of the fiberglags cauwzes severn pcattering at canventionel ultrasonic frequen-

cies, Lower frequencics are transmitted better but pulses get o0 long that

the tranamitted pulse is still going out vhen echoes are returning. o get
ground this Exdman uses a pulse tha’ is linearly modulated in frequemcy (100 kc -
300 kc), Thus the echo that comee back vill not be at the same frequency as the
portion of the trunsmitted pu'se thit is still going out., Presently resolution
belov surface ic only 1/4 to 3/8 of an inch, but & differentiatar as in the
"DImnerscope” should improve this, With this technique it mey be possibls to
ingpect the whole case for bomis and delaminations, The lov frequency works
against finding small defects such as bubbles,

Mc. P. E. Underhill of AGN descridbed a TV readout x-ray scan system (PICS)
vhich uses a bundle of fine plastic -‘laments with scintillatwrs dispersed in
the plastic, This gives a directiorality vhich enhances the scintillator out~

put which in turn is converted to "V resdout vith an imege crthicon. This

aystem looke prouising as a scanni ig system. NOL hes indicated that they vill
help out in the development of this system,

John HEendron returned to say . fev words about tap tests, The inspectar
has to be able to distinguish pitcwes 5 cps apert. Carrelation wus adout 80%
vith Betatron vhere comparison wes mede, Top tests don't detect a deep delami-
nation under a shallov ooe, When igked sbout evaluntion Mr. Hendron said that
the motar cose thaot showed most de'amination went to highest pressure in the
burst test.

Mr. A. D. lucian of AGC described tho start of a progren of analyxing NDT
datn. The first ctep is to classi’y defects, Voids are recordod as to ares,
crecks es to longth, delaminations as to area, etc, and those are glven weights
of 1 to 5 dcpending on thair sever:‘y. Carrelation vith performence is not yet
svailohle. Asked vhat areas ars wokest with regard to gathering information,
Mr. jacina replied that the Xnuckl: ares is vorst,

Mr. R. J. Dovoay uriefly desciibed NDT at ABL, X-ray is used to dstect
resin pocketa, dolaminations (usuz.. range 1/B" to 2" long and to 1/3" wide),
and voids (vhich are rare). Be said no ABL motor fallure has becn carrelsted
with knowvi fiberglnss defects, Molisture readings are beding taksn as at AGC.
%o carrelaticn hes been found with performance as yet, Some experimeuts have
beeni tried vith neutron radiogrept'. These are interesting but the question
arose as to vhere we got neutrons, ABL also uses Static flux, High contrast
rediography, Sohoray with low frec:ency adaptor and have corcne discharge
avallable.

Mr. P. E. Alzofon of IMSC preronted his infrared axperiments, Indicatione
aro obtained from resin inclusions, cage-linear unbond, and vall thicimess.
Ability to oscan the ends of the ix-or case depends on vhether tho vhole inner
surfuce can be heated.
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Mr., J. A. Cusick of NAD-Concord described experiments using mechanical
impedance measurements to detect motor case defects. Mechanical impedance,
the ratio of farce to veloeity, cen be measured with sultable equipment. It
may be possible to use instead the ratio and/or phace angle of force to accelcra-
tdlon. Oscillograms vere presented showing that force and acceleration behava
in opposite sense over a separation and over sound material, It wes pointed out
that the system could detect delaminations under delaminations. Thexre is a
possibility that the force genergptor could de applied axislly at the akirt end
and velocity, acceleration, or displacement readings taken redially along tha
aylinder section cxr at the other end of the cass, It would also be possible
to apply a force redially by mesns of an eccentric located in a centxral boss
&t eithar doms. If mechanical i{mpedance works out it should be a quick and
relatively inexpensive method for motor cass smnning.

Mr. S, D. Bart of HRL described & novel approach to ultrascnic inspection.
The truin child of W, J. Fry of the University of Illinois, the system uses
high power focused ultxe soud to cause local heating in a small space, The
heating ¥will cause changes in velocity which will produce an impedance differ-

vill be heated diffarently and vill display a different accustic impedancas,
hance thare vill be a reflection coefficient at the boundary., Thus aress vhich
had the sams acoustic impedance now are diffarent and can be detected.
on is sccoxplished by sending out conventional ultresound pulses near
or after the heating pulse. Fry has some of the equipment built and
vhen funds are allotted will start constructing the necessary high power truns-
ducer, Povers in the aorder of many kilowetts per square centimeter may be '

. A. Kies of HRL presentad, at the requast of SPO a list of defects
vhich have been known to cause ar are dbelieved %0 have caused fuilure in fiber-
glass motor cescs. This vas an "off the top of ths head” list, dut any errors
earrars of caissien,

:
3
;

Debond betveen aft adapter plate and KPGT insulation,

-~ Poar doily geomotry.
Jo overlap in doildies in front end,
Qecks in snape-ring channsl in aft adapter plate.
Debond betuoen fibarglass and aft adapter plate,
Accidental machine tool cuts,
Knots in roving.
Rutipled (folded) doilies.
Too litile glass in spirsl wound doildies.
Relaxed rovings.
Poor interlaminar sheer strength ar poor adhesion (doilies improperly
B-staged or resins incoampatible).
Prepreg roving cure too far advenced at time of winding,
Cracks in EPS7 insulation,

- . ] . .
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Of these, only fowr are cunsidered ssrious in terms of need for detection
in the fiderglass. These are cuts, delaminations, resin rich areas and, not
on the list, hruisesc or !mpact damage. Such things ar items 7, 9, 11, 12
are mnsidered to be process control matters.

Ir. Bujes of NAD-Concord made some comments on the limitations and ulti-
mate sensitivity of radiogrephy. He showed slides of x-reys in vhich he pointed
out individwal rovings in a fiberglass case.

He presented scome data on lov valtags abscrption characteristics and indi-
cated an optimm voltage for reasonabls exposwre time in the renge 25-35 XV,

He also pointed out the adventages of using & continuwous film technique
of cost and time. Problems of synchronising motor and film motion
might be avoided by & stepping process instesd of continuous motion.

Zagoarites of KRIL bad a fev words to sxy about the use of the contimu-

H.
Ous soan systenm he has besn woking vith, He pointed out that, being besioally
ve (voids only) aystem, it would bave only limited epplicability

D. Polanaky of WOL reparted on scns considerutions of fast neutron redio-
grephy vhich shoved that fast neutron radiogrephy is not fessible.

He suggested the use of a lead boro-silicate glnss end in esch roving
ar in e suitable mnmbexr of rovings. Theee are easily detected in x-rays end
vould shov irregularities in wvinding.

He, alsc, suggestoed the use of continucus film in rediogrsphy.

Commstits and Rcoommendations

tar and case, Propellant-liner or propellant - insuletion deboods are not cunsi-
of the motor case inepection, but any systen that can detect these as
tar case defects vwill gain points.

oo
It 1is necessary to sst @ defect test standiards. This vill be done by 8PO
AGC and HFC and anybody else vho can and will assist,

systam for scan (vith possibly one for beckwp). Decision
Commnittes Meeting in April. Tihree points are men-
tioned as basis for decision: 1) Ability to detect flaws; 2) State of Develop-

:
§
:
i
i
g

The agenda and a list of attendees follow.
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